Introduction

History of Telemedicine
Although the Institute of Medicine (IOM) first defined telemedicine in 1996 as the use of electronic information and communications technologies to provide and support health care when distance separates participants, the use of electronic communications technologies in medicine is not new [1] . In 1877, a group of physicians created a telephone exchange including local pharmacies in order to facilitate improved patient communications [2, 3] . In the 1970s, the National Aeronautics and Space Administration (NASA), Lockheed Martin, and the Indian Health Services teamed together to create the Space Technology Applied to Rural Papago Advanced Health Care (STARPACH) program-a telemedicine initiative involving real time video, data and voice-overmicrowave interaction to extend healthcare to a rural setting [4] .
Over the past two decades, telemedical systems have successfully connected rural and community hospitals to large urban centers with subspecialty expertise. These initiatives have improved care for specific patient subgroups including those in nursing homes, dermatological complaints, and trauma [2, 5] . In particular, the specialties of neurology and dermatology have employed telemedicine to extend their reach in resource poor settings. Telestroke employs a controlled video camera and monitor screen for a remote neurologist to help diagnose and manage emergency department patients with stroke while static photo technology and emerging live video devices have helped a remote dermatologist complete dermatology consults remotely [6] [7] [8] [9] .
Wearable Devices
The field of wearable devices includes a variety of sensors and displays, ranging from electrocardiogram (ECG) leads to wearable head-mounted computers like Google Glass (Table 1) . Wearable devices provide novel methods for monitoring and potentially enhancing users' health [10] [11] [12] [13] . Each device, regardless of its specific niche, performs one or more of a limited set of tasks: actively recording and streaming biometric data, recording data for later collection, or providing real time feedback to the user.
In 2012, Google introduced Google Glass, an innovative, wearable computer with a display that projects information at the wearer's eye level, a head-mounted camera capable of transmitting live video, and the ability to respond to simple voice commands (Fig. 1) [14] . A head-mounted device is attractive to the emergency medicine provider as well as the medical toxicologist as it allows for hand-free assessment and video relay of the patient's exam from the provider's perspective [15, 16] . It also has the potential to be faster and easier to use than traditional telemedical systems. Intuitive voice controls embedded in Glass's programming software eliminate the need for new computer training. Physicians may benefit from not having to boot up a device, focus a camera, or properly position a patient prior to a video consult [17] . Head-mounted wearable devices may improve care coordination not just in rural areas, but also in resource-rich environments such as academic medical centers.
Since 1996, the National Libraries of Medicine (NLM) in conjunction with the National Institutes of Health (NIH) have supported 19 multiyear grants for development of telemedical solutions in rural, urban, and suburban populations. In 1996, the total funding by the NIH for telemedicine research rose to $7.6 million. Since 2011, the NIH has released several grant mechanisms to support study of the efficacy and use of mobile health tools directed toward improvement in quality of care. Despite increasing funding, the potential benefits of a wearable device such as Glass for telemedicine have yet to be established, however, in either the research or clinical environment [2, 8] .
Only minimal data supports the use of head-mounted technologies in telemedicine, in particular, and little literature addresses the optimal research methods for assessing their impact on patient care. Here, we highlight concepts and considerations involved in researching the use of emerging head-mounted wearable devices in toxicology.
Considerations for Implementing Head-Mounted Wearable Devices
Privacy and Security
The first major challenge to implementing wearable head-mounted technology in the clinical and research arena centers on the privacy and security of wearable devices. The Health Insurance Portability and Accountability Act (HIPAA) and its accompanying regulation about electronic medical information, the Health Information Technology for Economic and Clinical Health (HITECH) Act, define many of these concerns [18, 19] . Most crucial are the issues of encrypted data streams, the ability to store images or videos for later analysis (aka "store and forward"), and appropriate disclosures on research consent forms. The HIPAA/HITECH acts require rigorous information technology (IT) encryptions standards to which wearable devices, as commercial products, do not adhere. For example, images and videos captured on the commercial version of Google Glass are uploaded to the cloud through Google servers. Users have the ability to post these images along with text and video recordings to various social media outlets. Such practice is not HIPAA compliant. Store and forward-the concept of taking a photograph or recording a video and saving it for documentation and future analysis-poses yet another wrinkle in the deployment of a novel wearable technology in the HIPAA/HITECH environment.
To ensure protection of patient privacy and to adhere to HIPAA/HITECH, secure servers in healthcare facilities should of course employ rigorous encryption methods for data storage [20] . Comparable encryption should also be employed in head-mounted wearable devices themselves. For instance, the programming embedded in commercially available Glass requires modification, such as by changing the native Google software so that users cannot remove patient data from the hospital's secure server. Several commercial ventures are currently creating HIPAA-compliant software solutions that make these software modifications to Google Glass. Other wearable devices coming to market may require similar software modifications when applied to patient care settings. These processes must be evaluated in cooperation with the device manufacturer, software provider, and hospital IT security prior to implementation of a research study to ensure patient privacy.
Connectivity and Hospital Information Technology Considerations
Another barrier to studying the effectiveness of head-mounted 15 [21] . Zigbee (San Ramon, CA), a low frequency 802.15 standard that uses less battery operating power than Bluetooth while providing an effective range of 10 to 100 m, is an attractive mechanism that has been studied to enable transmission of data from small medical devices such as remote electrocardiogram (ECG) monitors, pulse oximetry, or glucometers [22] [23] [24] . Given the low frequency of transmission, however, a high powered wearable device transmitting video or audio may require a higher bandwidth than is supported through Zigbee.
Existing hospital networks integrate a large number of devices, and as a result, connecting to a hospital network can be challenging. Integration of new devices requires approval by hospital IT committees that are very sensitive to the risks of overloading the hospital wireless network on which essential devices such depend. In addition, head-mounted devices that are used for video streaming introduce greater fluctuations in bandwidth than traditional devices. Moreover, increased connectivity is costly for hospitals.
Early involvement of hospital IT departments is critical for any research on head-mounted devices, in order to enable such devices to connect to the hospital network. After obtaining IT approval, researchers should create a map of wireless network signal strength throughout the hospital, to determine the "dead zones" where the device might fail. In our experience, working with hospital IT personnel to give the study device priority within the hospital network by creating a static IP address for the device (known as "whitelisting") greatly enhances stability of data transmission.
As poor connectivity can introduce confounding factors into a study, solving these IT issues is a prerequisite for any meaningful research on head-mounted devices.
Industry Partnership
The intercalation of commercial concerns into the mobile device industry, and the need for clinicians to collaborate with commercial entities, increases the risk of conflicts of interest as well as the need for the vigorous safeguards against these conflicts. Since 1995, the United States Department of Health and Human Services has defined any formal relationship with industry that involves financial stakes in stock, or equity as a financial and research conflict of interest (COI). Consequently, clinicians and researchers should assiduously disclose potential conflicts of interest in the planning and solicitation of funding for studies. In addition, researchers-whose lifeblood is publishing-should develop written agreements on publication and meaningful usage of data. These safeguards can promote mutually beneficial partnerships, ensure smooth implementation of the research project, and strengthen product development for future innovations, while protecting the rigor and trustworthiness of studies' outcomes.
Research Goals
The rapid expansion of wearable head-mounted devices in the commercial and medical sector will provide opportunity for researchers to help determine which of these new devices will ultimately have a role in caring for our toxicology patients. As a first step, the feasibility of use for Glass in toxicology should be evaluated; this effort should focus on measuring the technological reliability of the device as well as the ease of integrating head-mounted wearable devices into the assessment of toxicology patients. Concurrently, the acceptability of the Glass by both clinicians and patients should be determined. An altered patient who is intoxicated or acutely poisoned may regard a physician wearing a head-mounted device as confrontational and may become more agitated. Whether poisoned patients or their family members are accepting of a head-mounted device to provide remote toxicology care has yet to be determined. Although our particular interest will be the extent to which wearable devices contribute to, or detract from, the clinical experience of managing toxicology patients, this line of investigation could also be extended to other areas where visual diagnosis remains a staple of clinical care.
Assuming the feasibility and acceptability can be established, the logical next step involves determining the impact of head-mounted wearable devices on clinical outcomes. Given that many of the theoretical benefits of wearable technologies lie in workflow improvements and cost reductions, studies should also focus on process measures such as length of stay and cost-effectiveness. While the excitement of novel technology might prompt initial trials of wearable technologies in healthcare, true improvement in the delivery of care, extension of clinical services into underserved environments, and improved reimbursement will ultimately drive adoption. Data from studies showing IT reliability, and improvement in satisfaction, clinical outcomes, workflow and cost are ultimately necessary for the long-term integration of head-mounted wearable technologies into the clinical environment. When applied to medical toxicology, a live video feed of patients in the ED by a wearable head-mounted device may support timely clinical decision-making by the emergency medicine provider in conjunction with an expert toxicologist. An important part of toxicology is the physical exam, which requires visualization of the patient. Real time feedback can be crucial in the acutely poisoned patient and immediate access to a subtle physical exam can help guide management [25] [26] [27] . A head-mounted wearable device with live video capabilities may enhance such real-time assessment of toxidromes by an off-site consulting toxicologist. Headmounted wearables may also allow off-site toxicologists to offer recommendations on antidote administration and management concurrently with clinicians' delivery of medical care. Clinical outcome from time sensitive and expensive antidotes such as digoxin FAB, glucagon infusions, or crotalid antivenom can be observed remotely, and cost savings may be realized with a toxicologist providing real time feedback on management of these atypical poisonings [28] [29] [30] [31] .
Alternatively, Glass and future wearable technologies can function as triage devices for poisoned patients in determining whether transfer to a tertiary care center is required. Future research directions include improving care coordination, shortened time-to-antidote administration, and enhanced clinician education. Other types of wearables that record vital signs, such as those listed in Table 1 , may provide additional utility when integrated into wearable head-mounted devices for remote monitoring of potentially poisoned patients. One could imagine integration of a wearable heads up device that is able to stream vital signs from a monitor to the provider so they could monitor them while seeing another patient in the emergency department. These vitals or other critical information from laboratory data and imaging could be packaged through simple voice commands and transmitted to a Poison Control Center (PCC) or a medical toxicologist who is also using a head-mounted device, so they could have data to review while virtually being at the bedside of the poisoned patient. Recommendations for antidote administration, decontamination, or the need for advanced therapies such as dialysis or hyperinsulinemia-euglycemia, or intravenous lipid emulsion could be conveyed to the emergency department provider via a simple reply text to the head-mounted device with recommendations for dosing that can be recorded in an electronic medical record or forwarded for confirmation with the hospital pharmacy. Alternatively, wearable technologies may function as triage devices for poisoned patients, such as by determining whether transfer to a tertiary care center is required. At a time where funding for PCCs is decreasing, the integration of a wearable head-mounted device in the hospital setting may increase the consultative power of a regional PCC and provide more cost savings that what we already have.
Conclusion
Head-mounted wearable technologies such as Google Glass require additional research to validate their acceptability, efficacy, and cost-effectiveness. We have outlined concepts and considerations for research studies using such head-mounted wearables. Privacy, connectivity, potential conflict of interest, and research directions are all challenges when studying wearable technologies. Partnership with HIPAA-compliant software providers, close cooperation with hospital IT, and creating safeguards to prevent conflict of interest are potential solutions. Research will need to focus not only on clinical outcomes, but also satisfaction, workflow improvements, and cost-effectiveness. Many opportunities within toxicology exist to integrate wearable technologies.
Similar to the initial introduction of mobile technology, Google Glass and other head-mounted wearables may usher in a new era of communication through wearable platforms. After Steve Jobs introduced the world to the iPhone in 2007, he concluded his keynote presentation with a quote from Wayne Gretzky, "I skate to where the puck is going to be, not where it has been." [32] . Wearable technology is likely here to stay. Our roles as clinicians and researchers will be to anticipate and shape the application of these new devices to improve the daily care of our patients.
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